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Abstract
We compute three and four point functions of the non-BPS scattering ampli-
tudes, including a closed string Ramond-Ramond, gauge/scalar and tachyon in
type IIA (IIB) superstring theories. We then discover a unique expansion for
tachyon amplitudes in both non-BPS and D-brane anti D-brane formalisms.
Based on remarks on Chan-Paton factors and arXiv:1304.3711, we propose se-
lection rules for all non-BPS scattering amplitudes of type II superstring theory.
These selection rules, rule out various non-BPS higher point correlation func-
tions of the string theory.
1ehatefi@ictp.it
1 Introduction
It is shown that Dp-branes have to be realised as sources for Ramond-Ramond field (RR)
for all kinds of either non-BPS or stable BPS D-branes in string theory [1, 2]. Through RR
couplings several important subjects have been addressed. Let us just introduce some of
the most important ones. The phenomenon brane inside branes [3, 4, 5, 6], K-theory (of
course with D-brane language) [7], Dielectric effect (which is known to be Myers effect [8]),
all order higher derivative corrections to Myers effect for stable branes [9, 10, 11] and more
importantly all corrections to non-BPS branes in [12] are found out.
To begin with non-BPS branes in IIA (IIB) theory, Dp-branes with p (spatial dimension
of branes) odd (even) should be considered. In [13] we obtained a conjecture for an infinite
number of the higher derivative corrections to all orders in α′ for both BPS and non-BPS
amplitudes. In a very recent paper, [14] investigated in detail this conjecture at some
fundamental levels that can be applied to fermionic amplitudes as well.
In the case of non-BPS branes and their effective actions, it is known that the spectrum
of non-BPS branes includes all massless, some massive and tachyon strings [15]. Specifically
diverse discussions have clarified that the effective theory of unstable branes must have just
massless and tachyon states as one needs to integrate out all massive modes. Their effective
actions indeed have two parts involving DBI and Wess-Zumino part.
There are some methods to actually obtain these effective actions, such as Boundary
String Field theory (BSFT) and S-Matrix method. Apart from basic references for BSFT
[16, 17], BSFT has already been explained in the introduction of [18]. On the other hand
the Wess-Zumino part is given in [19] as follows
SWZ = µ
′
p
∫
Σ(p+1)
C ∧ Str ei2piα′F , (1)
with super connection’s curvature as
iF =
(
iF − β ′2T 2 β ′DT
β ′DT iF − β ′2T 2
)
,
where β ′ is a normalisation constant.
The second method to begin with non-BPS branes effective actions is S-matrix method.
This approach may be used to discover new couplings with exact α′ corrections without any
on-shell ambiguity. If one works with this method then one is able to fix all the coefficients
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of the higher derivative corrections to all orders in α′. Notice that the internal CP matrix
of tachyons around unstable point of tachyon DBI has to be taken into account, otherwise
the computations of the S-matrices in type II string theory do not make sense. Basically
open string tachyons in zero picture come with σ1 while in (-1) picture they carry σ2 Pauli
matrix. The correct form of tachyon DBI effective action including its internal CP matrices
is introduced in [18, 19]
SDBI ∼
∫
dp+1σSTr

 V (T iT i)
√
1 +
1
2
[T i, T j][T j , T i]) (2)
×
√
− det(ηab + 2πα′Fab + 2πα′DaT i(Q−1)ijDbT j)
)
,
with
V (T iT i) = e−piT
iT i/2, Qij = Iδij − i[T i, T j], (3)
where i, j = 1, 2, i.e., T 1 = Tσ1, T
2 = Tσ2 (more information can be found in the next
section). Since the total super ghost charge must be (-2) for disk amplitudes, one realises
that by expanding the square roots, one has to keep two tachyons in (-1) pictures and they
have to be carried with T 2. Symmetric trace is also needed.
Surprisingly, this action around tachyon potential’s stable point , takes the usual tachyon
DBI action [20, 21] with T 4V (T 2) potential. Note that by sending tachyon to infinity, the
term T 4V (TT ) will send to zero. This is also expected from condensing an unstable brane.
It is worth mentioning that (2) makes consistent results with the computations of the
amplitudes of one RR (C), one tachyon (T ) and two scalar fields (φφ) including all their
infinite higher derivative corrections [19].
On the other hand based on direct S-matrix computations of (CTTA) amplitude in
the world volume of brane -anti brane system, the correct form of D-brane anti D-brane
(DD¯) effective action (symmetrized trace effective action) with all infinite higher derivative
corrections of two tachyons and two gauge fields is derived in [22]. More recently by making
use of the direct computations, all order α′ higher derivative corrections to two tachyons
and two scalars in the world volume of brane -anti brane system are discovered in [23]. To
look for some of the applications of the higher derivative corrections for BPS branes in M-
theory [24] (considering the N3 entropy growth ofM5 branes and Myers effect) and [25] are
suggested. For some other applications to all order corrections in gauge-gravity duality [26]
is proposed. The importance of the higher derivative corrections for tachyon amplitudes just
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around the unstable point of tachyon action is also explained in[19]. Subsequently, using
direct conformal field theory calculations tachyon DBI supersymmetrized action ([12],[27,
28]) is obtained.
L = −TpV (T )
√
− det(ηab + 2πα′Fab − 2πα′Ψ¯γb∂aΨ+ π2α′2Ψ¯γµ∂aΨΨ¯γµ∂bΨ+ 2πα′∂aT∂bT )
In [12], we have explored all order α′ higher derivative corrections to two tachyons and
two fermions as well. Employing unstable branes might help us to realise some properties
of the superstring theory in time-dependent backgrounds [29, 30, 15, 31]. It is known that
tachyons are the sources of the instabilities in flat space thus by studying them in an effective
field theory, we may be able to get some fascinating results. Indeed tachyon Born-Infeld
effective action [21] in string theory can explain some of the decay properties of non-BPS
Dp-branes [30, 32]. If one works with this effective action then one may understand the
evolution of these unstable branes in time-dependent backgrounds. One can also deal with
the possible cosmological applications of the tachyonic DBI action. In order to start with
the explanation of the inflation in string theory [33, 34, 35], we need to know the effective
action of DD¯ system involving its all order α′ higher derivative corrections [22, 23]. Some
other applications on unstable branes are considered in [36]. To work with spontaneous
chiral symmetry breaking (SCSB), tachyons and their higher derivative corrections are
used in diverse models such as holographic model of the QCD [37, 38, 39]. If we take the
brane, anti brane system just as a background (to be dual to confined color theory) then
one can introduce flavor branes [40] where by decreasing the number of flavor branes with
respect to the number of color branes, the DD¯ system may be considered as a probe.
The outline of the paper is as follows.
In the next section in the presence of non-BPS branes and based on internal CP matrix
of all strings, we are going to construct selection rules for non-BPS amplitudes. We observe
that these selection rules must be used to rule out several non-BPS higher point correlation
functions of type IIA (IIB) superstring theory without the need for knowing world-sheet
integrals. More significantly the proposed selection rules show that there should not be any
couplings for some of the open/closed strings in the effective actions of non-BPS branes. In
section three by carrying out explicit calculations we obtain all order α′ higher derivative
corrections to the amplitude of one RR, one tachyon and one scalar field < VCVTVφ > in
the world volume of non-BPS branes.
In particular we discover a unique expansion for tachyon amplitudes. This expansion is
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very useful because by applying it to string amplitudes, one finds out all the singularities
of the non-BPS higher point correlation functions of the string theory without knowing
the exact results of the world-sheet integrals. This idea clearly had been applied to the
amplitude of one RR and four tachyons in the world volume of DD¯ system but has not
been announced yet [41]. Using selection rules and universal tachyon expansion in section
four, we will deal with the amplitude of one RR, one scalar, one gauge field and one tachyon
in the world volume of non-BPS branes.
Having used some of new Wess-Zumino terms, tachyonic DBI action, this universal
tachyon expansion, the proposed selection rules and the derived corrections of one RR,
one tachyon and one scalar field (results in section four), we are able to exactly produce
infinite number of (u′ = u + 1/4)- channel tachyon and t- channel massless scalar poles
of < VCVTVAVφ > amplitude as well as their higher derivative corrections. If we apply
the selection rules to the field theory of < VCVTVAVφ > then we understand neither there
should be single / double s′, (s′ + u′ + t) channel tachyon, gauge/ scalar poles nor infinite
poles. Indeed this < VCVTVAVφ > amplitude is an exceptional S-matrix.
2 Selection rules for non-BPS amplitudes
Based on Chan-Paton factors and new proposal appeared in [12], we are going to propose
the complete selection rules for non-BPS scattering amplitudes of type II superstring theory.
Without any knowledge of mixture of the closed-open string theory correlators, these rules
can be used to show that some of the non-BPS higher point correlation functions of the
string theory will be ruled out.
As mentioned by [42], one can read off the internal Chan-Paton matrix of the non-BPS
D-brane open strings from D-brane anti D-brane Chan-Paton matrix. The open strings of
the brane anti brane system (two real tachyons, massless scalar/gauge fields) are given by
the following CP matrices
(a) :
(
0 0
0 1
)
, (b) :
(
1 0
0 0
)
, (c) :
(
0 0
1 0
)
, (d) :
(
0 1
0 0
)
, (4)
(a),(b) matrices are related to scalar/gauge located either on brane or anti brane and (c), (d)
matrices show tachyons stretched from brane to anti brane and vice versa. The projection
operator (−1)FL does not play any role on the world-sheet fields; however, it changes brane
to anti brane. Hence the projection operator plays the role on CP matrix Λ as follows
4
Λ→ σ1Λ(σ1)−1,
Once the projection operator is applied, only the states carrying either I or σ1 CP matrices
will remain. Therefore it is easy to show that all massless strings should carry internal
I CP matrix. In order to get consistent results with the non-BPS S-matrix elements in
string theory, tachyon vertex operator in zero picture must carry σ1 CP matrix [19]. Let
us devote I CP matrix to massless strings and σ1 CP matrix to tachyon vertex operator in
the zero picture. Since the picture changing operator for a non-BPS brane carries σ3 CP
factor [43], one can apply it to all vertex operators in zero picture to obtain the CP factor
of the strings in (-1)- picture.
Applying the picture changing operator on massless vertex operators in zero picture,
we show that their internal CP matrix in (-1) picture is Iσ3 = σ3 and particularly the CP
matrix of tachyon in (-1) picture becomes σ1σ3 ∼ σ2. The amplitude of two fermions and
one gauge field makes sense even in the presence of non-BPS branes. Given this fact, we
are able to fix the CP matrices of the fermion fields in [12] as follows
AΨ¯
−1/2Ψ−1/2A−1 ∼ Tr (σ3Iσ3) 6= 0.
Ramond-Ramond vertex operator carries CP matrix like other strings. Since there is
a non zero coupling between two tachyons and one RR in the world volume of brane anti
brane systems [44, 22], it has been pointed out in [19] that the RR for brane anti brane
systems in (−1/2,−1/2) picture has to carry σ3 CP matrix. It is also discussed in detail
in [19] that due to [42] there is an extra coefficient in RR vertex operator in (-1) picture
for the non-BPS branes which means that RR in (-1) picture carries σ3σ1 for the non-BPS
brane systems. Its CP factor in (-2) picture has also been addressed in [19]. As the closed
strings (NS-NS sector) in (0, 0) picture come with I internal CP matrix the internal CP
factors can be verified by the S-matrix element of one RR, one graviton and one tachyon.
The field theory of non-BPS D-branes reveals that the amplitude must have tachyon pole.
In field theory, this pole is found by the Feynman amplitude for which tachyon propa-
gates between CT and TTh where C and h denote RR and graviton appropriately; however,
there is no such pole in the field theory of brane anti brane system (i.e., there is no CT
coupling in (DD¯) case). Therefore, the internal CP factor (DD¯) system is zero but for
the non-BPS case, the internal CP factor is non-zero. It is easy to see that for the RR
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vertex operator in (−1/2,−1/2) along with graviton in (0, 0) and tachyon in (−1) picture,
the CP factor of the CTh amplitude for DD¯ case is Tr (σ3Iσ2) = 0 while its CP ma-
trix is Tr (σ3σ1Iσ2) 6= 0 for the non-BPS brane. Accordingly, when we choose the RR in
(−1/2,−1/2), graviton in (−1, 0) and tachyon in 0 picture, then the CP factor for DD¯ case
is Tr (σ3σ3σ1) = 0 while its CP matrix is non-zero (Tr (σ3σ1σ3σ1) 6= 0) for non-BPS brane.
We are going to generalise these selection rules.
Based on internal CP matrices discussed in [12], there is no coupling between two closed
string Ramond-Ramond fields and one tachyon in the world volume of non-BPS branes,
because
AC
−1C−1T 0 ∼ Tr (σ3σ1σ3σ1σ1) = 0, (5)
Note that the correlation function of four spin operators and one fermion field in 10 di-
mensions is non zero;however, based on internal CP matrices in (5), there are no couplings
between two RR’s and one tachyon in type IIA(B) superstring theory.
Now we can generalise these selection rules further. Since we know that the total
super ghost charge must be (-2) for disk level S-matrix and scalars, gauges in zero picture
carry (I) CP matrix, we conclude that the amplitude of two RR’s, an arbitrary number
of gauges/scalars and odd-number of tachyons in type IIA(B) superstring theory is zero.
Of course one can add some arbitrary number of (NS-NS) to these amplitudes as well for
which the result remains zero again, i.e.,
AC
−1C−1A0φ0···A0T 0T 0···T 0 = 0.
In addition to the above equation, we can see that many amplitudes have no contributions
to superstring theory. The amplitudes of one RR, some arbitrary number of (NS-NS) closed
string states and odd number of tachyons in the world volume of brane anti brane vanish.
More significantly the CP factor of a RR, some arbitrary closed string (NS-NS) states and
even number of tachyons in the world volume of non-BPS branes is also zero, thus there
are no such couplings in type IIA(B) superstring theories.
Based on internal CP matrices of the open strings in [12], we show that the tree level
S-matrix elements of two fermion fields and one tachyon in the world volume of non-BPS
branes becomes zero result; however, the correlation function of this (ψ¯ψT ) amplitude
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(coming from two spin operators) , i.e.,
<: SA(x1) : SB(x2) :>= x
−5/4
12 (C
−1)AB
is non zero. We can easily generalise and postulate these internal CP matrices to all the
vertex operators as below:
V
(0)
T (x) = α
′ik·ψ(x)eα′ik·X(x)λ⊗ σ1,
V
(−1)
T (x) = e
−φ(x)eα
′ik·X(x)λ⊗ σ2
V
(−1)
φ (x) = e
−φ(x)ξiψ
i(x)eα
′iq·X(x)λ⊗ σ3
V
(−1)
A (x) = e
−φ(x)ξaψ
a(x)eα
′iq·X(x)λ⊗ σ3
V
(0)
φ (x) = ξ1i(∂
iX(x) + iα′k.ψψi(x))eα
′ik.X(x) ⊗ I
V
(0)
A (x) = ξ1a(∂
aX(x) + iα′k.ψψa(x))eα
′ik.X(x) ⊗ I (6)
V
(−1/2)
Ψ¯
(x) = u¯Ae−φ(x)/2SA(x) e
α′iq.X(x)λ⊗ σ3
V
(−1/2)
Ψ (x) = u
Be−φ(x)/2SB(x) e
α′iq.X(x)λ⊗ I
V
(− 1
2
,− 1
2
)
C (z, z¯) = (P−H/ (n)Mp)
αβe−φ(z)/2Sα(z)e
iα
′
2
p·X(z)e−φ(z¯)/2Sβ(z¯)e
iα
′
2
p·D·X(z¯)λ⊗ σ3σ1,
where the CP factor of RR for non-BPS branes is σ3σ1, meanwhile its CP factor for DD¯
system is σ3. Given [12], we are going to generalise non-BPS fermionic amplitudes further.
The amplitude of two fermions, an arbitrary number of scalar/gauge fields and odd
number of tachyons in the world volume of non-BPS branes in superstring theory is given
by the following correlation function :
AΨ¯−1/2,Ψ−1/2,T−1,T 0,···,T 0,A01,φ0l ,···A0m,φ0l ∼
∫
dx1 · · ·dx(2n+m+l+3)Tr 〈V (−1/2)Ψ¯ (x1)V (−1/2)Ψ (x2)
×V (−1)T (x3)V 0T (x4) · · ·V 0T (x2n+1)V 0A(xm1)V 0φ (xl1)
× · · ·V 0A(xmm)V 0φ (xll)〉,
We have shown in [19] that the correlator of two spin operators and some arbitrary
number of fermion and/or currents in ten dimensions is non-zero. Thus one may guess that
the above S-matrix element is non zero, but the internal CP factor of the above S-matrix
is zero for all orderings of tachyons, gauges and scalars, i.e.,
AΨ¯−1/2,Ψ−1/2,T−1,T 0,···,T 0,A01,φ0l ,···A0m,φ0l = 0. (7)
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Hence we discovered that in the world volume of non-BPS branes (in both type IIA and IIB
superstring theories) there are no couplings between odd number of tachyons, two fermion
fields and an arbitrary number of scalar/gauge vertex operators.
It is worth emphasising that these selection rules are very important to make sense
of non-zero higher point correlation functions. Because by making use of them, we could
remove several higher non-BPS correlators of the string theory without any knowledge of
the world sheet integrals of the S-matrices. Now let us just talk about some other non-BPS
three and four point functions of C − φ − T and C − φ − A − T amplitudes which make
sense just in the world volume of non-BPS branes.
3 The T − φ− C amplitude
In this section we are going to apply direct conformal field theory techniques [45] to obtain
the three point amplitude between one RR, one tachyon and one scalar field in the world
volume of non-BPS branes. The amplitude is given by the following correlation function
AT,φ,RR ∼
∫
dxdyd2z〈V (0)T (y)V (−1)φ (x)V (−1)RR (z, z¯)〉, (8)
where tachyon, scalar field and RR vertex operators (including their CP factors) are given
in (6) such that all open strings have to be located in the boundary of the disk and RR
must be replaced in the middle of the disk.
q, p, k1 are the momenta of scalar, RR and tachyon field which satisfy the following
on-shell condition
q2 = p2 = 0, k21 = 1/4, k1.ξ1 = q.ξ1 = 0,
where the definitions of projector operator and RR field strength are
P− =
1
2
(1− γ11), H/ (n) = an
n!
Hµ1...µnγ
µ1 . . . γµn ,
In type IIA (type IIB) n = 2, 4,an = i (n = 1, 3, 5,an = 1) and also the notation for the
spinor is
(P−H/ (n))
αβ = Cαδ(P−H/ (n))δ
β.
In order to make use of the holomorphic components of the world-sheet fields, one needs
to work with doubling trick. Thus we need to apply the following change of variables
X˜µ(z¯)→ DµνXν(z¯) , ψ˜µ(z¯)→ Dµνψν(z¯) , φ˜(z¯)→ φ(z¯) , and S˜α(z¯)→ MαβSβ(z¯) ,
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with the following matrices
D =
( −19−p 0
0 1p+1
)
, and Mp =
{
±i
(p+1)!
γi1γi2 . . . γip+1ǫi1...ip+1 for p even
±1
(p+1)!
γi1γi2 . . . γip+1γ11ǫi1...ip+1 for p odd
Now we are allowed to use just holomorphic part of the propagators for Xµ, ψµ, φ, as
follows
〈Xµ(z)Xν(w)〉 = −α
′
2
ηµν log(z − w) ,
〈ψµ(z)ψν(w)〉 = −α
′
2
ηµν(z − w)−1 ,
〈φ(z)φ(w)〉 = − log(z − w) . (9)
The σ-factor of the above S-matrix element is Tr (σ3σ1σ1σ3) = 2 and the CP factor is
2Tr (λ1λ2). If one considers the related vertices then the amplitude is given as follows∫
dx1dx2dx4dx5α
′(ik1aξi)(x24x25)
−1/2(x45)
−1/4I1(P−H/ (n)Mp)
αβ
× <: Sα(x4) : Sβ(x5) : ψa(x1) : ψi(x2) :>,
where x4 = z = x+ iy, x5 = z¯ = x− iy
I1 = |x12|α′2k1.k2|x14x15|α
′2
2
k1.p|x24x25|α
′2
2
k2.p|x45|α
′2
4
p.D.p,
(10)
Now using Wick-like rule one can derive the following correlator
<: Sα(x4) : Sβ(x5) : ψ
a(x1) : ψ
i(x2) :> = 2
−1(x14x15x24x25)
−1/2(x45)
−1/4(ΓiaC−1)αβ.
By applying this correlator into the above amplitude, we can easily show that the
integrand is SL(2, R) invariant. Let us do gauge fixing as (x1, x2, z, z¯) = (x,−x, i,−i) so
that now the integrand is proportional to2
4k1aξi
∫
∞
−∞
dx(2x)−2u−1/2
(
(1 + x2)
)−1/2+2u(
Tr (P−H/ (n)MpΓ
ia)
)
,
where u = −α′
2
(k1+k2)
2 and particularly one has to apply the conservation of momentum
along the world volume of brane ( ka1 + k
a
2 + p
a = 0).
2From now on we set α′ = 2.
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The integral of the amplitude is
AT,φ,RR = (πβ ′µ′p)2
√
π
Γ[−u+ 1/4]
Γ[3/4− u] Tr (P−H/ (n)MpΓ
ai)k1aξiTr (λ1λ2) . (11)
The amplitude is normalised by the coefficient of (πβ ′µ′p/2) where β
′ and µ′p are Wess-
Zumino normalisation and Ramond-Ramond charge of branes appropriately. The trace is
non zero for p+ 1 = n and it is extracted as follows
Tr
(
H/ (n)Mp(ξ.γ)(k1.γ)
)
δp+1,n = ± 32
(p+ 1)!
ǫa0···ap−1aHia0···ap−1k1aξiδp+1,n
Given the fact that we want to compare S-matrix elements of CTφ with its field theory, we
do not fix the over all coefficient of the amplitude. Note that the trace involving γ11 shows
that the above results can be held for the following
p > 3, Hn = ∗H10−n, n ≥ 5.
It has been discussed in detail in [19] that the momentum expansion of any amplitude
including tachyons should be obtained either with ki.kj → 0 or (ki + kj)2 → 0 where the
latter appears just for massless channel pole. In the other words momentum expansion
can be read by analysing massless or tachyon poles of the amplitude. Nevertheless in this
amplitude for both u → 0 and u → −1/4 (mass of tachyon), we observe that there are
no massless/tachyon poles in the Gamma functions inside the amplitude of (11). Thus
we might wonder about the momentum expansion of this amplitude. It is argued in [19]
that the momentum expansion of non- BPS branes makes sense just in the presence of the
following constraint:
u = −papa → −1
4
. (12)
while for D-brane anti D-brane system papa → 0 makes sense in the S-matrix elements of
type II superstring theory [23].
This CφT amplitude makes sense just for non-BPS branes , thus if we apply the momen-
tum conservation along the world volume of brane then one understands that the correct
expansion is u→ −1/4, or in terms of momenta the expansion is around k1 ·k2 → 0.
Having expanded the Gamma functions that appeared in the amplitude we obtain an
infinite number of higher derivative couplings of one scalar, one tachyon and one Cp field.
They are related to the higher derivative extensions of the following Wess-Zumino coupling:
2iβ ′µ′p(2πα
′)2
∫
Σp+1
(
Tr (∂iCp ∧DTφi)
)
, (13)
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In the above coupling Taylor expansion for scalar field has been employed. The infinite
higher derivative corrections of the above coupling must be obtained by considering the
momentum expansion inside the S-matrix. The expansion is
√
π
Γ[−u+ 1/4]
Γ[3/4− u] = π
∞∑
m=−1
cm(u+ 1/4)
m+1 .
with the following coefficients
c−1 = 1,
c0 = 2ln(2),
c1 =
π
6
(π2 + 12ln(2)2),
c2 =
1
3
(6ζ(3) + π2ln(2) + 4ln(2)3),
c3 =
1
360
(1440ζ(3)ln(2) + 120π2ln(2)2 + 19π4 + 240ln(2)4). (14)
Note that the above coefficients are different from the coefficients that appeared in the
momentum expansion of the S-matrix element of one RR and two gauge fields (one tachyon
and one gauge field) . If we replace the derived expansion in the final result of the amplitude
and compare it with field theory coupling (13) then we realise that the term including c−1
can be precisely produced by (13). On the other hand the higher derivative corrections of
(13) can be read with similar way as follows
2β ′µ′p
p!
(2πα′)2ǫa0...ap∂iCa0...ap−1 ∧ Tr

 ∞∑
m=−1
cm(α
′)m+1Da1 · · ·Dam+1DapTDa1...Dam+1φi

(15)
where in the above coupling all commutator terms should be ignored because we are looking
for the infinite couplings of one RR, one scalar and one tachyon in the world volume of
non-BPS branes.
4 The C − φ−A− T amplitude
4.1 The C−1φ−1A0T 0 amplitude
In this section we are going to look for the closed form of the amplitude of one RR, one
scalar, one gauge and one tachyon in the world volume of non-BPS branes in type IIA (IIB)
superstring theory. This < VCVφVAVT > amplitude is a four point (technically five point)
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function. It is pointed out in [19] that the vertex operators for non-BPS D-branes carry
internal Chan-Paton factor. We know that the S-matrix element of BPS states does not
depend on their pictures but for non BPS branes the amplitude is just independent of the
picture of the vertex operators if and only if we take into account the CP matrices inside
the vertex operators. Thus < VCVφVAVT > is given by the following correlation function :
ACφAT ∼
∫
dx1dx2dx3dzdz¯ 〈V (−1)φ (x1)V (0)A (x2)V (0)T (x3)V
(− 1
2
,− 1
2
)
RR (z, z¯)〉, (16)
such that all open strings have to be located in the boundary of the disk and RR must be
replaced in the middle of the disk. k1, k2, p, k3 are the momenta of scalar, gauge, RR and
tachyon field which satisfy the following on-shell condition
k21 = k
2
2 = p
2 = 0, k23 = 1/4, k2.ξ2 = k2.ξ1 = k1.ξ1 = k3.ξ1 = 0
Obviously the definitions of the projector, the field strength of RR, D and Mp matrices
are exactly the same definitions that appeared in the last section. We also use holomorphic
correlators (9).
If we consider the vertex operators then the amplitude is given by
ACφAT ∼
∫
dx1dx2dx3dx4dx5 (P−H/ (n)Mp)
αβξ1iξ2a(α
′ik3c)x
−1/4
45 (x14x15)
−1/2
×(I1 + I2)Tr (λ1λ2λ3)Tr (σ3σ1σ3Iσ1), (17)
where xij = xi − xj and by applying the Wick theorem one finds the correlators as
follows
I1 = <: e
α′ik1.X(x1) : ∂Xa(x2)e
α′ik2.X(x2) : eα
′ik3.X(x3) : e
α′
2
ip.X(x4) : e
α′
2
ip.D.X(x5) :>
×<: Sα(x4) : Sβ(x5) : ψi(x1) : ψc(x3) >,
I2 = <: e
α′ik1.X(x1) : eα
′ik2.X(x2) : eα
′ik3.X(x3) : e
α′
2
ip.X(x4) : e
α′
2
ip.D.X(x5) :>
α′ik2d<: Sα(x4) : Sβ(x5) : ψ
i(x1) : ψ
dψa(x2) : ψ
c(x3) :>, (18)
We need to take into account the Wick-theorem and (9) to be able to compute the
correlators of X . In order to obtain the correlation function including two spin operators,
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one current and two fermion fields we use Wick-like rule [46, 47] and its generalisation [11].
First of all we need to find the following correlator
Ici3 = <: Sα(x4) : Sβ(x5) : ψ
i(x1) : ψ
c(x3) :>= 2
−1x
−1/4
45 (x14x15x34x35)
−1/2
{
(ΓciC−1)αβ
}
.
The computation of the correlation function of a current, two fermions and two spin
operators is really tedious, however, concerning the generalisation of Wick-Like rule [11]
now one can easily obtain it as below
Icadi4 = <: Sα(x4) : Sβ(x5) : ψ
i(x1) : ψ
dψa(x2) : ψ
c(x3) :>
=
{
(ΓcadiC−1)αβ +
Re[x24x35]
x23x45
(2ηdc(ΓaiC−1)αβ − 2ηac(ΓdiC−1)αβ)
}
2−2x
3/4
45 (x14x15x34x35)
−1/2(x24x25)
−1. (19)
We substitute all the related spin correlators in (17) and derive the general form of the
amplitude as follows
ACφAT ∼
∫
dx1dx2dx3dx4dx5(P−H/ (n)Mp)
αβIξ1iξ2a(−2α′ik3c)x−1/445 (x14x15)−1/2
×
(
aa1I
ci
3 + α
′ik2dI
cadi
4
)
Tr (λ1λ2λ3), (20)
such that
I = |x12|α′2k1.k2|x13|α′2k1.k3|x14x15|α
′2
2
k1.p|x23|α′2k2.k3|x24x25|α
′2
2
k2.p|x34x35|α
′2
2
k3.p|x45|α
′2
4
p.D.p,
aa1 = ik
a
1
(
x14
x12x24
+
x15
x12x25
)
+ ika3
(
x43
x23x24
+
x53
x23x25
)
. (21)
Now the amplitude is written such that it is explicitly SL(2,R) invariant. By gauge
fixing the location of open strings as
x1 = 0, x2 = 1, x3 →∞, (22)
we reach to the following integrals on the upper half plane
∫
d2z|1 − z|a|z|b(z − z¯)c(z + z¯)d, (23)
where a, b, c are related to the Mandelstam variables as below
s = −α
′
2
(k1 + k3)
2, t = −α
′
2
(k1 + k2)
2, u = −α
′
2
(k2 + k3)
2.
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where for d = 0, 1 and for d = 2 the results are derived accordingly in [48], [18]. Given the
solutions for integrals [48, 18], one can write the final result of the amplitude (17) as
ACφAT = A1 +A2 +A3, (24)
where
A1 ∼ 2ξ1iξ2ak3ck2dTr (P−H/ (n)MpΓcadi)L1,
A2 ∼ 2
{
Tr (P−H/ (n)Mpγ.ξ2γ.ξ1)(u+
1
4
) + 2k3.ξ2Tr (P−H/ (n)Mpγ.k2γ.ξ1)
}
L2,
A3 ∼ −2
{
2t(k3.ξ2)Tr (P−H/ (n)Mpγ.k3γ.ξ1) + 2(−u− 1
4
)k1.ξ2Tr (P−H/ (n)Mpγ.k3γ.ξ1)
}
L3,
(25)
where
L1 = (2)
−2(t+s+u)π
Γ(−u+ 1
4
)Γ(−s + 1
4
)Γ(−t + 1
2
)Γ(−t− s− u+ 1
2
)
Γ(−u− t+ 3
4
)Γ(−t− s+ 3
4
)Γ(−s− u+ 1
2
)
,
L2 = (2)
−2(t+s+u)−1π
Γ(−u− 1
4
)Γ(−s + 3
4
)Γ(−t + 1)Γ(−t− s− u)
Γ(−u− t+ 3
4
)Γ(−t− s+ 3
4
)Γ(−s− u+ 1
2
)
,
L3 = (2)
−2(t+s+u)−1π
Γ(−u− 1
4
)Γ(−s+ 3
4
)Γ(−t)Γ(−t − s− u)
Γ(−u− t+ 3
4
)Γ(−t− s+ 3
4
)Γ(−s− u+ 1
2
)
.
The amplitude now satisfies Ward identity associated to the gauge field, which means
that by replacing ξ2a → k2a it gives zero result. One can write the amplitude by doing
more simplifications. Using momentum conservation along the world volume of brane and
making use of the various identities we obtain
ACφAT = A1 +A2 +A3, (26)
where
A1 ∼ 2ξ1iξ2ak3ck2dTr (P−H/ (n)MpΓcadi)L1,
A2 ∼
{
− Tr (P−H/ (n)Mpγ.ξ2γ.ξ1)(u+ 1
4
)− 2k3.ξ2Tr (P−H/ (n)Mpγ.k2γ.ξ1)
}
L3(2t)
+Tr (P−H/ (n)Mpγ.k3γ.ξ1)
{
2t(k3.ξ2) + 2(−u− 1
4
)k1.ξ2
}
(−2L3). (27)
H/ (n),Mp,Γ
cadi are constructed out of the antisymmetric gamma matrices thus the am-
plitude is non zero for p = n+1 and p+1 = n cases. If we apply momentum conservation,
we find
14
s+ t+ u = −papa − 1
4
,
Regarding the facts that for non-BPS branes papa → 14 and the vertex of two scalars
and one gauge field is non zero, we understand t→ 0. Applying the above constraints, we
obtain the universal tachyon expansion. Indeed the following unique expansions should be
held for all four point tachyon amplitudes:
t→ 0, s→ −1
4
, u→ −1
4
. (28)
as they have been argued in [19]. Notice that in terms of momenta the correct expansion
is :
(k1 + k2)
2 → 0, k1.k3 → 0, k2.k3 → 0,
Now if we apply the expansion (28) to the all Gamma functions of the amplitude then
we reveal that CφAT amplitude has to have infinite massless scalar and tachyon poles.
Before proceeding more several remarks have to be made.
It is argued that all four point functions including one RR, tachyon, gauge and scalar
vertex operators must have infinite t, s′, u′, (t+ s′+u′) channel poles, where s′ = s+ 1
4
, u′ =
u+ 1
4
.
The important point for the CφAT amplitude is that it is an exceptional amplitude.
Due to the following reasons neither does it have s′, (t+ s′+ u′) tachyon, scalar nor infinite
poles. Due to the kinematic reasons, neither there is a coupling between two tachyons, one
gauge and one scalar nor a coupling between two tachyons and one scalar field (even these
amplitudes have non-zero CP factors). In fact conformal field theory techniques tell us that
the amplitude of TTφ is vanished. Thus there is no s′ channel pole for CφAT amplitude.
By applying selections rules (based on string CP matrices), one understands that the
amplitudes
< VA0VT 0Vφ−1Vφ−1 >,< VA0VT 0VA−1Vφ−1 > .
do not make sense in type II superstring theory because Tr (Iσ1σ3σ3) = 0.
Therefore neither there are single poles nor infinite poles of s′, (s′ + t + u′), as the
amplitude (25) does not carry the coefficients of Γ(−s− 1
4
),Γ(−t− s− u− 1/2) in its final
form. Let us now analyse all infinite u′ tachyon and massless t channel scalar poles of the
amplitude.
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5 Infinite tachyon poles of the CφAT amplitude for
n = p + 1 case
Given the explained universal expansion for tachyons, one reveals that the first and second
terms of (25) do not contribute to any poles and in fact they are just contact terms in which
we are not interested in producing them (the method of producing all contact interactions
in string theory has been explained in [19]).
On the other hand the third and fourth terms of (25) have to be added to give rise to all
infinite u′ channel tachyon poles and essentially the last term of (25) has infinite t- channel
scalar poles.
Let us write down all the infinite tachyon poles as below
4k3.ξ2(k2a + k3a)ξ1i
(
Tr (P−H/ (n)MpΓ
ai)
)
L2, (29)
One has to use momentum conservation along the brane’s world volume. There is also an
identity for RR as
paǫ
a0...ap−1a = 0.
In order to be able to obtain all the infinite u′-channel tachyon poles one has to apply all
the identities and we find all tachyon poles as follows
− 4k3.ξ2k1aξ1i
(
Tr (P−H/ (n)MpΓ
ai)
)
L2, (30)
where the expansion of L2 is
L2 = −π3/2
(
1
u′
∞∑
n=−1
cn(s
′ + t)n+1 +
∞∑
p,n,m=0
hp,n,m(u
′)p(ts′)n(t+ s′)m
)
, (31)
some of the coefficients are
c−1 = 1, c0 = 0, c1 =
1
6
π2, h0,0,1 =
1
3
π2, h1,0,1 = h0,0,2 = 6ζ(3).
In this section by making use of the infinite corrections of one RR, one tachyon and one
scalar field (15), we want to produce all the infinite tachyon poles and to actually show that
those obtained corrections are exact and have no on-shell ambiguity. Let us write down
infinite tachyon u′-channel poles (there is no s′ channel pole for this amplitude) as
16
−(4k3.ξ2)k1aξ1i 16
(p)!
(π3/2)(µ′pβ
′π1/2)
∞∑
n=−1
cn
1
u′
(s′ + t)n+1
×H ia0···ap−1ǫa0···ap−1aTr (λ1λ2λ3). (32)
The above amplitude is normalised by a coefficient of (µ′pβ
′π1/2). The following field
theory amplitude should be considered
A = V α(Cp, φ1, T )Gαβ(T )V β(T, T3, A2). (33)
We also need to take into account several remarks.
Tachyon propagator (Gαβ(T )) is derived from the kinetic term of the tachyon. To obtain
V β(T, T3, A2) one has to extract the covariant derivative of tachyon (DaT = ∂T − i[Aa, T ])
inside the non-Abelian kinetic term of tachyon. V α(Cp, φ1, T ) is derived from the coupling
(13), such that
V β(T, T3, A2) = iTp(2πα
′)(k3 − k).ξ2Tr (λ2λ3Λβ) = 2iTp(2πα′)k3.ξ2Tr (λ2λ3Λβ),
V α(Cp, φ1, T ) = 2µ
′
pβ
′
(2πα′)2
(p)!
ǫa0···apH ia0···ap−1kapξ1iTr (λ1Λ
α),
Gαβ(T ) =
−iδαβ
(2πα′)Tp(k2 +m2)
=
−iδαβ
(2πα′)Tp(u′)
. (34)
In the vertex of V β(T, T3, A2), we have used the momentum conservation on the right
hand side of the Feynman rule (k3 + k2 + k)
a = 0, in which k is the momentum of tachyon
propagator. If we replace the above vertices (34) inside the field theory amplitude (33), use
the momentum conservation in left hand side of the Feynman rule, namely ((k1+ p)
a = ka)
and take into account the first coefficient of the expansion c−1 = 1 in (32) then we are
able to exactly produce the first simple tachyon u′-channel pole; however, as it is seen
from (32), the amplitude involves infinite u′ channel tachyon poles. In order to deal with
those infinite poles, one has to use some of the arguments that appeared in [12]. Basically
both of the simple tachyon pole and V β(T, T3, A2) do not receive any correction. Because
the kinetic term of tachyon has been fixed in tachyon DBI action and therefore it has no
correction. Hence in order to produce those infinite tachyon poles, one has to find out the
infinite corrections to one RR (p-form), one tachyon and one on-shell scalar. In fact these
corrections have been derived by performing the scattering amplitude of CφT in (15).
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Once we apply all the infinite higher derivative corrections of ∂iCp ∧DTφi (15), we can
find
V α(Cp, T, φ1) =
2µ′pβ
′(2πα′)2kapξ1i
(p)!
ǫa0···apH ia0···ap−1
∞∑
m=−1
cm(α
′k1 · k)m+1Tr (λ1Λα). (35)
Now if we use the fact that
∑
∞
m=−1 cm(α
′k1·k)m+1 = ∑∞m=−1 cm(t+s+1/4) and substitute
(35) inside the field theory amplitude (33) (while keep the other vertices fixed) then we are
exactly able to explore all the infinite u′ channel poles of (32).
This clearly shows that the obtained higher derivative corrections of (15) are exact and
have no on-shell ambiguity. Note also that there are no residual contact interactions left
over in producing an infinite number of the tachyon poles of the CφAT S-Matrix.
6 Infinite scalar t-channel poles of the CφAT ampli-
tude for n = p + 1 case
The last term of (25) includes an infinite number of t-channel massless scalar poles as
follows
− 4k1.ξ2k3aξ1i
(
Tr (P−H/ (n)MpΓ
ai)
)
(−u − 1/4)L3, (36)
and the expansion of (−u− 1/4)L3 is
(−u− 1/4)L3 = −π3/2
(
1
t
∞∑
n=−1
cn(u
′ + s′)n+1 +
∞∑
p,n,m=0
hp,n,mt
p(u′s′)n(u′ + s′)m
)
,(37)
where cn coefficients are precisely the coefficients that have been written down in the mo-
mentum expansion of the S-matrix element of CφT . Some other coefficients of cn, hp,n,m
can be summarised as
c2 = 2ζ(3), h2,0,0 = h0,1,0 = 2ζ(3), h1,0,0 =
1
6
π2, h1,0,2 =
19
60
π4,
h0,0,1 =
1
3
π2, h0,0,3 = e2,0,1 =
19
90
π4, h1,1,0 = h0,1,1 =
1
30
π4.
In order to follow this section two main goals are needed.
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1) We would like to explicitly show that the infinite corrections of one RR, one tachyon
and one scalar field that obtained in (15) are exact and do work.
2) We are going to show that there are infinite t-channel scalar poles which must be
obtained in field theory by applying the correct higher derivative corrections. In particular
we want to show that our expansion in (28) is unique because by using it we can precisely
produce an infinite number of the scalar poles of the CφAT string amplitude. If we insert
the first term of the expansion of (−u − 1/4)L3 into the amplitude then we can just write
down the infinite t-channel scalar poles of the amplitude (there is no (s′+ t+u′) scalar pole
for this amplitude) as below
−4k1.ξ2k3aξ1i 16
(p)!
(π3/2)(µ′pβ
′π1/2)
∞∑
n=−1
cn
1
t
(s′ + u′)n+1
×H ia0···ap−1ǫa0···ap−1aTr (λ1λ2λ3). (38)
The rule for the field theory amplitude for this case is
A = V α(Cp, T3, φ)Gαβ(φ)V β(φ, φ1, A2), (39)
Now we are going to make some remarks about field theory analysis. Scalar propagator
(Gαβ(φ)) should be found from the kinetic term of the scalar. V β(φ, φ1, A2) must be derived
by extracting the covariant derivative of the scalar field in the non-Abelian kinetic term of
the scalars (Daφ
i = ∂aφ
i− i[Aa, φi]). V α(Cp, T, φ) is related to the previous S-matrix , i.e.,
the coupling (13) and V β(φ, φ1, A2) is derived in [10]. Let us write them down in below :
V β(φ, φ1, A2) = −2i(2πα′)2Tpk1.ξ2ξ1jTr (λ1λ2Λβ), (40)
V α(Cp, φ, T3) = 2µ
′
pβ
′
(2πα′)2
(p)!
ǫa0···apH ia0···ap−1k3apTr (λ3Λ
α),
Gαβ(φ) =
−iδαβδij
(2πα′)2Tp(k2)
=
−iδαβδij
(2πα′)2Tp(t)
. (41)
k is the momentum of off-shell scalar propagator. If we replace the vertices (40) and
(41) inside the field theory amplitude (39), use the momentum conservation for the left and
right hand sides of Feynman rule and consider c−1 = 1 in (38) then we are precisely able
to find out the first simple massless scalar t-channel pole of the string amplitude of (38) in
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field theory side; however, as it is seen from (−u − 1/4)L3 expansion (37), the amplitude
includes an infinite number of t-channel scalar poles.
In order to produce those singularities in field theory amplitude, one has to apply several
points. Basically both simple t-channel scalar pole and V β(φ, φ1, A2) do not receive any
corrections because the kinetic term of scalars does not obtain any correction as it has been
fixed in standard DBI action and also simple pole does not receive any correction. Thus in
order to look for those infinite massless scalar poles one needs to look for infinite corrections
to one RR (p-form), one on-shell tachyon and one off-shell scalar field. Surprisingly these
corrections can be derived from the scattering amplitude of CφT in (15).
Hence, if we use all the infinite higher derivative corrections of ∂iCp ∧DTφi (15) then
we can explore all order extensions of the V α(Cp, φ, T3) vertex operator as follows
V α(Cp, φ, T3) = 2µ
′
pβ
′
(2πα′)2
(p)!
ǫa0···apH ia0···ap−1k3ap
∞∑
m=−1
cm(α
′k3 · k)m+1Tr (λ3Λα), (42)
We use momentum conservation in world volume direction such that
∑
∞
m=−1 cm(α
′k3 ·
k)m+1 =
∑
∞
m=−1 cm(u+ s+ 1/2), substitute (42) inside the field theory amplitude (39) and
simultaneously keep the form of the other vertices fixed. If we do so then we are able to
find out :
−4k1.ξ2k3apξ1i
16
(p)!
π2µ′pβ
′
∞∑
n=−1
cn
1
t
(s+ u+ 1/2)n+1
×H ia0···ap−1ǫa0···apTr (λ1λ2λ3). (43)
which is exactly all the infinite t-channel massless scalar poles of (38). Hence this again
shows that the derived higher derivative corrections of (15) are exact and have no on-shell
ambiguities. Notice that in exploring an infinite number of t-channel scalar poles of the
CφAT S-Matrix there are no residual contact interactions left over. This can be understood
by comparing field theory amplitude (43) with string theory S-matrix elements (38).
Finally note that the method of extracting all the contact terms in string theory has
been extensively pointed out in [19, 13]; however, it is worth pointing out the following
remarks.
In order to look for an infinite number of contact interactions of the CφAT (for p+1 = n
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case) the following coupling has to be considered∫
Σp+1
∂iCp ∧DTφi
particularly one has to extract the covariant derivative of tachyon and take into account
the commutator inside the covariant derivative of tachyon ([Aa, T ]). More importantly one
should add together all the contact interactions coming from the second parts of L2 and
(−u′)L3 expansions in (31) and (37) accordingly.
7 Conclusions
In this paper based on internal CP matrix of the strings in the presence of non-BPS branes,
we have constructed the selection rules for all non-BPS amplitudes. We observed that,
these selection rules have the significant potential to rule out several non-BPS higher point
correlation functions of type IIA (IIB) string theory without the need for taking integrals of
the world-sheet. More significantly these selection rules showed us that there should not be
any couplings for some of the non-BPS open/closed strings in their effective actions. Based
on the suggested rules we realise that what kinds of couplings are not allowed in these
theories. In section three by explicit calculations we discovered all order α′ corrections of
one RR, one tachyon and one scalar field in the world volume of non-BPS branes.
In particular we obtained a unique expansion for tachyon amplitudes. This expansion is
very useful because by applying it to the string amplitudes, one can find out all singularities
of non-BPS higher point functions of the string theory without the need for knowing the
complete results of the world-sheet integrals. This idea clearly has been applied to the
amplitude of one RR and four tachyons in the world volume of DD¯ system but has not
been publicized yet [41].
In section four using selection rules and universal tachyon expansion we dealt with the
amplitude of one RR, one scalar, one gauge field and one tachyon in the world volume of
non-BPS branes. By applying selection rules to the field theory amplitude we revealed that
neither does the CφAT amplitude have single /double/ infinite (s′) tachyon nor (s′+u′+ t)
poles. Thus it is certainly an exceptional S-matrix.
Essentially by making use of the selection rules, the universal tachyon expansion and
the derived corrections of one RR, one tachyon and one scalar field (results in section four),
we were able to produce an infinite number of u′ tachyon and t-channel massless scalar
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field poles of the CφAT amplitude and their higher derivative corrections. It is of high
importance to mention that the Wess-Zumino effective actions of the unstable branes give
all order corrections of the related string amplitudes.
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